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[57] ABSTRACT 
A ceramic bearing is provided by an outer ring, an inner 
ring, and a sliding ring ?tted between the outer and 
inner rings. Each of the rings is made from ceramic 
material. Sliding contact occurs between the sliding 
ring and the inner ring, and between the sliding ring and 
the outer ring. Whereas the difference in relative rota 
tion between the respective rings is divided among a 
plurality of relatively sliding surfaces, the bearing can 
support increased loads and rotation speeds. 

3 Claims, 4 Drawing Sheets 
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CERAMIC BEARING 

This is a continuation of application Ser. No. 473,657, 
?led Feb. 1, 1990, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a ceramic bearing compris 

ing a ceramic outer ring, a ceramic inner ring, and a 
ceramic sliding ring which is ?tted between the ceramic 
outer ring and the ceramic inner ring. 

2. Prior Art 
A bearing such as a sliding bearing or a roller bearing 

is commonly used for housing a rotating shaft in an 
assembly. The roller bearings comprise rolling members 
such as balls, rollers, or needles, which are positioned 
between an outer ring ?tted into a housing provided in 
a mechanical frame, and an inner ring into which the 
rotating shaft is installed. The roller bearings are classi 
?ed as ball, roller, or needle bearings according to the 
type of rolling member used (Japanese Patent Publica 
tion No. 49-41231). 
Among the roller bearings, deep-groove type, angu 

lar ball type, and tapered-roller type bearings are used 
for supporting a shaft to which radial and thrust loads 
are applied at the same time. 
Some of the sliding bearings include a steel, cast iron, 

or copper support upon which a white metal layer is 
Y laminated and formed to a predetermined dimension by 
machining. Others of the sliding bearings include a 
copper or gun-metal support having an oil-impregnated 
alloy which is laminated upon or embedded into the 
support. 
A sliding bearing having a sleeve-shaped support is 

known as a bearing for supporting radial loads (Japa 
nese Patent Publication No. 49-18885). In addition, a 
sliding bearing having a metal support formed in disk 
shape is known for supporting thrust loads (Japanese 
Patent Publication No. 49-678). 
The roller and sliding bearings are standardized, 

being commonly available and having common fea— 
tures. In practice, these bearings are designed and se 
lected according to the requirements of the application 
for which they will be used. However, the known slid 
ing and roller bearings are de?cient in some areas. 
A number of problems may arise with the known 

roller bearings. Flaking of rolling members due to fa 
tigue limits service life, and worn rolling members make 
the bearing noisy. The roller bearings have low heat 
resistance. Additionally, the roller bearings are costly 
due to a relatively larger number of components. 
The known sliding bearings exhibit a different and 

distinct set of problems. Sliding friction between an 
outside circumference of a shaft journal and an inside 
circumference of the bearing generates heat. The 
amount of heat generated depends on the load applied 
to the shaft and the sliding speed. The amount of heat 
increases as the sliding speed and/or load increases. The 
heat causes thermal expansion of the shaft and the bear 
ing, and is likely to adversely affect smooth rotation of 
the shaft. In addition, as the shaft journal and the inside 
circumference of the bearing slide in close contact with 
each other, wear results on the shaft and the bearing, 
and the wear also may obstruct the smooth rotation of 
the shaft. 

Additionally, for sliding bearings, a load per unit area 
which the sliding bearing can support depends on the 
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2 
bearing material. In conventional sliding bearings, iron 
or copper-based metal is the material employed; how 
ever, the allowable load per unit area for the metals is 
smaller than that for ceramics. Therefore, a large bear 
ing area is needed to support a large load, and the size of 
the sliding bearing becomes quite large. Further, for the 
sliding bearings, when supporting a shaft to which 
thrust and radial loads are applied at the same time, a 
sleeve-shaped radial bearing and a disk-shaped thrust 
bearing must be utilized in combination, or a bearing 
suitable for the application must be designed each time. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a sliding 
bearing capable of supporting a shaft which carries a 
large load and rotates at a high speed. 

It is another object of the invention to provide a 
bearing having a small number of components. 

It is a further object of the invention to provide a 
bearing utilizing a ceramic inner ring, a ceramic outer 
ring, and a ceramic sliding ring. 
These objects are achieved by a ceramic bearing 

having a ceramic sliding ring which is ?tted between a 
ceramic outer ring and a ceramic inner ring. 
As above described, the ceramic sliding ring (to be 

called the “sliding ring”) is positioned between the 
ceramic outer (to be called the “outer ring”) and the 
ceramic inner ring (to be called the “inner ring”). 
Thereby, a load which is applied to a shaft installed in 
the inner ring is transmitted from the inner ring, 
through the sliding ring, to the outer ring, and is thus 
supported. Since each ring is formed of ceramic mate 
rial, the compressive strength of each ring is higher than 
it would be if formed of iron or copper-based metal, and 
the allowable load of the ceramic bearing is larger than 
that of the conventional sliding ring bearing. 

In addition, a sliding surface is formed between an 
outside circumference of the inner ring and an inside 
circumference of the sliding ring, and another sliding 
surface is formed between an outside circumference of 
the sliding ring and an inside circumference of the otter 
ring. When the inner ring rotates at the same rotating 
speed as a shaft ?tted into the inner ring, the sliding ring 
rotates at a rotating speed lower than that of the inner 
ring, thereby lagging behind the inner ring in rotating 
speed. Thus, the full difference between the rotating 
speeds of the inner ring and the outer ring can be shared 
as smaller differences between the sliding surfaces. The 
relative sliding speed at each sliding surface is lower 
than the sliding speed between an outer ring and inner 
ring when arranged to rotate in direct sliding contact 
with each other, and heat and wear produced on each 
sliding surface is reduced. When the bearing is de 
signed, the sliding speed on each sliding surface is a 
design speci?cation, and the bearing can support a shaft 
rotating at a higher speed than the conventional sliding 
bearings will permit. Moreover, no sliding takes place 
between the inner ring, which is ?xed to the shaft jour 
nal, and the shaft. Thus, the shaft never wears down. 

Additionally, the bearing according to the invention 
may comprise a plurality of sliding rings ?tted between 
the outer and inner rings, and sliding surfaces corre 
sponding to the number of ?tted sliding rings. Thus it is 
possible to lower the sliding speed and to reduce heat 
and wear on each of the sliding surfaces. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1(A) is a sectional view illustrating the bearing 
of a ?rst embodiment of the present invention. 
FIG. 1(B) is an exploded perspective view illustrating 

components of the bearing of the ?rst embodiment. 
FIG. 2 is a cross-sectional view illustrating the bear 

ing of a second embodiment of the invention. 
FIG. 3 is a cross-sectional view illustrating the bear 

ing of a third embodiment of the invention. 
FIG. 4 is a cross sectional view illustrating the bear 

ing of a fourth embodiment of the invention. 
FIG. 5 is a cross-sectional view illustrating the bear 

ing of a ?fth embodiment of the invention. 
FIG. 6(A) is a cross-sectional view illustrating the 

bearing of the sixth embodiment of the invention. 
FIG. 6(B) is an exploded perspective view illustrating 

components of the bearing of the sixth embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

As shown in FIGS. 1(A) and (B), a bearing according 
to the invention comprises an outer ring 1, an inner ring 
2, and a sliding ring 3 which is ?tted between the outer 
ring 1 and the inner ring 2. 
The outer ring 1 is produced through a process using 

an oxide ceramic material based on Partially-Stabilized 
Zirconia (to be called “PSZ” herein'after) or alumina, 
which is charged into a mold and is press-formed, and 
the molded compact ring is sintered at 1500” C. to 1600° 
C. 
The outer ring is formed with a cylindrical outside 

circumference portion 1a and end faces 1b and 1c. The 
outside circumference portion 1a is dimensioned for 
installation in a housing which is provided in a machine. 
For a precise ?t, the outside circumference portion 1a is 
made parallel to an axial center 4 of the outer ring 1, to 
a predetermined diameter and close tolerance. The end 
face 1b has a through bore 5. The inside circumference 
of the outer ring 1 de?nes a sliding surface 1d which has 
a predetermined length in the axial direction from the 
end face 1c. The sliding surface 1d has a cylindrical 
shape and is parallel to the axial center 4. A tapered 
surface 1e is formed between the sliding surface 1d and 
the through bore 5, and the outer ring 1 incorporates a 
circumferential protrusion If on the inside circumfer 
ence at the side of end face 1b. 
The inner ring 2 is produced through a process using 

an oxide ceramic material of PSZ or alumina which is 
charged into a mold and press-formed, and the molded 
compact ring is sintered at 1500° C. to 1600' C. 
The inner ring 2 is formed with a ?ange-shaped, cir 

cumferential protrusion 2a. a cylindrical sliding surface 
2b. and end faces 2c and 2d. A tapered surface 2e is 
formed between the sliding surface 2b and the flange 
shaped, circumferential protrusion 2a. 
The inner ring 2 has a bore 6 which is coaxial with the 

axial center 4, and a shaft (not shown) is ?tted into the 
bore 6. The shaft-?tting bore 6 is formed with a pre 
determined diameter held to a close tolerance, for 
?xedly receiving a shaft to which a radial load, a thrust 
load, or the resultant load of said loads is applied. When 
the thrust load is applied to the shaft ?xed in the shaft 
?tting bore 6, the end face 2d also is provided as a face 
to which the thrust load is transmitted, in contact with 
an end face of the shaft. 
The sliding ring 3 is produced through a process 

using an oxide ceramic material of PS2 or alumina 
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4 
which is charged into a mold and press-formed, and the 
molded compact ring is sintered at 1500° C. to 1600' C. 
The sliding ring 3 is sleeve-shaped, and the outside 

circumference of the sliding ring 3 de?nes a sliding 
surface 30 in sliding contact with the sliding surface 1d 
formed on the inside circumference of the outer ring 1. 
The sliding surface 30 holds a predetermined tolerance 
relative to the sliding surface 1d of the outer ring 1. The 
inside circumference of the sliding ring 3 also de?nes a 
sliding surface 3b in sliding contact with the sliding 
surface 2b on the outside circumference of the inner 
ring 2, and the sliding surface 3b holds a predetermined 
tolerance relative to the sliding surface 2b on the inner 
ring 2. 
The sliding ring 3 de?nes an end face 3c which abuts 

tapered surface 1e, or neck portion 1g of said tapered 
surface 1e, on the inside circumference of the outer ring 
1. The sliding ring 3 also de?nes an end face 30' which 
may abut a tapered surface 2e, or a neck portion 2f of 
said tapered surface 2e, on the outside circumference of 
the inner ring 2. 

In a bearing constructed as described above, a journal 
portion (not shown) of the shaft is ?xed in the shaft-?t 
ting bore 6 in the inner ring 2, and a radial load applied 
to the shaft is transmitted from the inner ring 2, through 
the sliding ring 3, to the outer ring 1. When a thrust load 
is applied to the shaft, a stepped diameter portion of the 
shaft abuts the end face 2d of the inner ring 2, and 
thereby the thrust load is transmitted from the inner 
ring 2, through the sliding ring 3, to the outer ring 1. 
For example, when only a radial load is applied to a 

shaft which is ?xed in the shaft-?tting bore 6, rotating 
the shaft causes the inner ring to rotate at the same 
speed as the shaft. Thus, the load is transmitted from the 
sliding surface 2b on the outside circumference of the 
inner ring 2 to the sliding surface 3b on the inside cir 
cumference of the sliding ring 3, and at the same time, 
the sliding surfaces 2b and 3b are in sliding contact. A 
driving force, which depends upon a friction coef?cient 
between said sliding surfaces 2b and 3b, the radial load, 
and the rotating speed of the inner ring 2, is transmitted 
to the sliding ring 3, and causes the sliding ring 3 to 
rotate. Sliding contact occurs between the sliding sur 
face 3a on the outside circumference of the sliding ring 
3 and the sliding surface 1d on the inside circumference 
of the outer ring 1. 
Assuming that the outer ring 1, the inner ring 2, and 

the sliding ring 3 are made from the same material, and 
that factors which affect friction coefficients of the 
sliding surfaces 2b, 3b and 3a, such as surface roughness, 
are the same, then sliding speeds, i.e., the difference 
between rotating speeds, for each pair of sliding sur 
faces will be approximately the same and in each case 
will be smaller than if the inner and outer rings were in 
direct sliding contact with each other. 
As another example, when only a thrust load is ap 

plied to the shaft which is ?xed in the shaft-?tting bore 
6, the inner ring 2 rotates at the same speed as the shaft. 
The thrust load is transmitted from the neck portion 2f 
of the tapered surface 2e on the outside circumference 
of said inner ring 2, to the end face 3d of the sliding ring 
3. Sliding contact occurs between the neck portion 2f 
and the end face 3d. 
As described, when a shaft is supported by the bear 

ing, radial and thrust loads on the shaft are transmitted 
from the inner ring 2, through the sliding ring 3, to the 
outer ring 1. Thus it is possible to increase sliding sur 
face area by ?tting the sliding ring 3 between the inner 
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ring 2 and the outer ring 1. Further, the rotation of the 
inner ring 2 relative to the outer ring 1 may be shared by 
a plurality of sliding rings. Accordingly, a high-speed _ 
rotating shaft can be supported by providing an in 
creased sliding surface area, that is, a high-speed rotat 
ing shaft can be supported with the ceramic bearing of 
the invention. 
FIG. 2 is a cross-sectional view of a bearing accord 

ing to a second embodiment of the invention, wherein a 
sliding ring 9 having a circular cross-section is ?tted 
between an outer ring 7 and an inner ring 8. Through 
out the drawings, like features are numbered identically, 
and a further description of these like features is not 
necessary. The outer ring 7, the inner ring 8, and the 
sliding ring 9 are press-formed from an oxide ceramic 
material based on PS2 or alumina, and are sintered at 
1500‘ C. to 1600° C. 
The inside circumference of the outer ring 7 de?nes a 

through bore 5 and a sliding surface 7a which is parallel 
to an axial center 4. Said sliding surface 70 has a diame 
ter larger than that of the through bore 5. A circumfer 
ential protrusion 7b is de?ned between the through bore 
5 and the sliding surface 7a. The height of said protru 
sion 71) is slightly larger than one-half of the thickness of 
the sliding ring 9, that is, slightly larger than a radius of 
the sliding ring 9. 

An, outside circumference of the inner ring 8 de?nes 
a ?ange-shaped protrusion 8a and a sliding surface 8b. A 
riser portion 80 between the ?ange-shaped protrusion 
80 and the sliding surface 8b has a height which is 
slightly greater than one-half of the thickness of the 
sliding ring 9, that is, slightly greater than the radius of 
the sliding ring 9. 
The sliding ring 9 has a circular cross-section of pre 

determined radius, and sliding portions 9a, 9b, 9c and 9d 
refer to an outside circumferential portion, an inside 
circumferential portion and each end face, respectively. 

In said bearing comprising the outer ring 7, the inner 
ring 8, and the sliding ring 9, the sliding portion 90 on 
the outside circumference of the sliding ring 9 is in 
contact with the sliding surface 70 on the inside circum 
ference of the outer ring 7. Likewise, the sliding portion 
9b is in contact with the sliding surface 8b on the outside 
circumference of the inner ring 8; the sliding portion 9c 
is in contact with a riser portion of the protrusion 7b on 
the inside circumference of the outer ring 7; and the 
sliding portion 9d is in contact with the riser portion 80 
on the outside circumference of the inner ring 8. Thus, 
four sliding surfaces are formed. Thereby, the bearing is 
constructed so that it is capable of supporting radial and 
thrust loads applied to a shaft (not shown) ?xed to the 
inner ring 8. In this embodiment, since the cross-section 
of the sliding ring 9 is circular and relatively small, the 
bearing can be relatively compact. 
FIG. 3 is a cross-sectional view of a bearing accord 

ing to a third embodiment of the invention, wherein a 
sliding ring 10 having an elliptic cross-section is ?tted 
between an outer ring 7 and an inner ring 8. 
An outside circumferential surface of the sliding ring 

10 de?nes a sliding surface 100 which is in contact with 
a sliding surface 70 de?ned by an inside circumferential 
surface of the outer ring 7. An inside circumferential 
surface of the sliding ring 10 de?nes a sliding surface 
10b which is in contact with a sliding surface 8b de?ned 
by an outside circumferential surface of the inner ring 8. 
When viewed in cross-section, the sliding ring 10 has 
round-shaped ends. One of the ends de?nes a sliding 
surface 100 which is in contact with a riser portion of 
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6 
the protrusion 7b of the outer ring 7, and another of the 
ends de?nes a sliding surface 10d which is in contact 
with a riser portion 80 of the inner ring 8. Similar to the 
?rst and second embodiments described above, the 
bearing of this embodiment can support radial and 
thrust loads which are applied to a shaft (not shown) 
?xed to the inner ring 8. Since the cross-section of the 
sliding ring 10 is elliptical in shape, the sliding ring 10 
has a relatively large radial loading area. 
FIG. 4 is a cross sectional view of a bearing accord 

ing to a fourth embodiment of the invention, wherein a 
sliding ring having an L-shaped cross-section is ?tted 
between the outer ring 7 of the embodiment shown in 
FIG. 2, and the inner ring 2 of the embodiment shown 
in FIG. 1. 
The bearing of this embodiment is capable of employ 

ing the whole sliding surface 2b, de?ned by the outside 
circumference of the inner ring 2 and the outside cir 
cumference of the ?ange-shaped protrusion 20, as a 
loaded area, and thus can support a large radial load. 
FIG. 5 is a cross-sectional view of a bearing accord 

ing to a ?fth embodiment of the invention, wherein a 
sliding ring 12 having a Z-shaped cross-section is ?tted 

_ between the outer ring 1 and the inner ring 2 of the 
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embodiment shown in FIG. 1. 
The bearing of this embodiment, like the bearing 

shown in FIG. 4, can employ the whole of sliding sur 
face 2b, de?ned by the outside circumference of the 
inner ring 2 and the outside circumferential surface of 
the ?ange-shaped protrusion 20, as a loaded area. 
Thereby, the bearing of this embodiment can support a 
large load. 
FIGS. 6(A) and (B) illustrate a bearing according to 

a sixth embodiment of the invention, wherein a plurality 
of sliding rings are ?tted between the outer ring 1 and 
inner ring 2. Referring to the drawings, the outer ring 1 
and inner ring 2 are similar to those shown in the em 
bodiment of FIG. 1. Sliding rings 14 and 15 are held by 
a retainer 13 and are ?tted between the outer ring 1 and 
the inner ring 2. The sliding rings 14 and 15 and the 
retainer 13 are made from the same material in the same 
manner as the sliding ring 3 shown in FIG. 1. 
The sliding ring 14 is sleeve-shaped, and an outside 

circumferential surface de?nes a sliding surface 140 
which is in sliding contact with sliding surface 1d de 
?ned by the inside circumference of the outer ring 1. 
Another end face of the sliding ring 14 de?nes sliding 
surface 14d which is in sliding contact with a ?ange 13d 
of the retainer 13, and the sliding ring 14 is rotatably 
slidable on the sliding surface 130 of the retainer 13. 
The sliding ring 15 is sleeve-shaped, and an inside 

circumferential surface de?nes a sliding surface 150 
which is in sliding contact with a sliding surface 2b 
de?ned by the outside circumference of the inner ring 2. 
An outside circumferential surface of the sliding ring 15 
de?nes a sliding surface 15b which is in sliding contact 
with an inside circumferential surface 131) of the re 
tainer 13. One end face of the sliding ring 15 de?nes a 
sliding face 15c which is in sliding contact with a ?ange 
13c of the retainer 13. Another end face de?nes a sliding 
face 15d which is in sliding contact with a neck portion 
2f of a tapered surface 2e de?ned by the outside circum 
ference of the inner ring 2, and the sliding ring 15 is 
rotatably slidable on the surface 13b of the retainer 13. 
The retainer 13 can be formed by melt-bonding 

?ange portions 13c and 13d on both ends of a sleeve 
shaped ring, or by melt-bonding a ?ange on one end of 
T-shaped ring. 
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In the bearing of the sixth embodiment above de‘ 
scribed, four sliding surfaces are de?ned by the sliding 
rings 14, 15 and the retainer 13, and the outer and inner 
rings 1 and 2. Accordingly, the rotating speed of the 
shaft ?xed to the inner ring 2 is divided among the four 
sliding surfaces, and thus a sliding speed on each sliding 
surface can be decreased, thereby reducing heat and 
wear caused by friction on each sliding surface. Addi 
tionally, when the sliding speed on each sliding surface 
is allowed to approach a predetermined maximum, the 
bearing can support a shaft rotating at a higher speed 
than the prior art bearings would allow. 

In each of the above described embodiments, each 
sliding surface of the outer ring, the inner ring and the 
sliding ring can be additionally ?nish treated by lapping, 
if necessary. The lapping may be done separately on 
each of the outer, inner, and sliding rings, or may be 
selectively done by rubbing the rings together with 
abrasive such as diamond powder applied to the sur 
faces between the rings. Lapping each sliding surface 
permits the bearing to rotate more smoothly. 

In addition, in each of the above described embodi 
ments, the outer, inner, and sliding rings slide on the 
sliding surface in contact with each other, and heat is 
naturally generated by sliding friction. However, since 
each of the rings is made from ceramic material, heat 
affects the bearing less than it would if the bearing was 
made of metal. Since a coef?cient of thermal expansion 
of ceramic is 3 to 11X l0-6/°C., excessive stress will 
not be produced by thermal expansion, and thermal 
deterioration will not occur. 
What is claimed is: \ 
l. A ceramic bearing having a central axis, compris 

ing: 
a ceramic outer ring de?ning a cylindrical inner slid 

ing surface, a tapered sliding surface extending 
axially and radially inwardly from the inner sliding 
surface; I 

a coaxial ceramic inner ring de?ning a cylindrical 
outer sliding surface, a tapered sliding surface ex 
tending axially and radially outwardly from the 
outer sliding surface; and, 

a coaxial ceramic sliding ring disposed between the 
ceramic inner ring and the ceramic outer ring, the 
ceramic sliding ring de?ning a cylindrical inner 
sliding surface in sliding contact with the cylindri 
cal outer sliding surface of the ceramic inner ring, 
a cylindrical outer sliding surface in sliding contact 
with the cylindrical inner sliding surface of the 
ceramic outer ring, a ?rst end face extending radi 
ally outwardly from the cylindrical inner sliding 
surface, wherein a junction of the ?rst end face and 
the cylindrical inner sliding surface de?nes a ?rst 
circumferential edge in sliding line contact with the 
tapered sliding surface of the ceramic inner ring, 
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8 
and a second end face extending radially inwardly 
from the cylindrical outer sliding surface, wherein 
a junction of the second end face and the cylindri 
cal outer sliding surface de?nes a second circum 
ferential edge in sliding line contact with the ta 
pered sliding surface of the ceramic outer ring. 

2. A ceramic bearing having a central axis, compris 
ing: 

a ceramic outer ring de?ning a cylindrical inner slid 
ing surface, a riser sliding surface extending radi 
ally inwardly from the inner sliding surface; 

a coaxial ceramic inner ring de?ning a cylindrical 
outer sliding surface, a riser sliding surface extend 
ing radially outwardly from the outer sliding sur 
face; and, 

a coaxial ceramic sliding ring disposed between the 
ceramic inner ring and the ceramic outer ring, the 
ceramic sliding ring de?ning a cylindrical inner 
sliding surface in sliding contact with the cylindri 
cal outer sliding surface of the ceramic inner ring, 
a cylindrical outer sliding surface in sliding contact 
with the cylindrical inner sliding surface of the 
ceramic outer ring, a ?rst end face extending in a 
semicircle between the cylindrical inner sliding 
surface and the cylindrical outer sliding surface, 
the ?rst end face being in sliding line contact with 
the riser sliding surface of the ceramic inner ring, 
and a second end face extending in a semicircle 
between the cylindrical inner ring and the cylindri 
cal outer ring, the second end face being in sliding 
line contact with the riser sliding surface of the 
ceramic outer ring. 

3. A ceramic bearing having a central axis, compris 
ing: 

a ceramic outer ring de?ning a cylindrical inner slid 
ing surface, a riser sliding surface extending radi 
ally inwardly from the inner sliding surface; 

a coaxial ceramic inner ring de?ning a cylindrical 
outer sliding surface, a riser sliding surface extend 
ing radially outwardly from the outer sliding sur 
face; and, 

a coaxial ceramic sliding ring disposed between the 
ceramic inner ring and the ceramic outer ring, the 
ceramic sliding ring having a circular cross-section 
and de?ning an inner sliding surface in sliding line 
contact with the cylindrical outer sliding surface of 
the ceramic inner ring, an outer sliding surface in 
sliding line contact with the cylindrical inner slid 
ing surface of the ceramic outer ring, a ?rst end 
sliding surface in sliding line contact with the riser 
sliding surface of the ceramic inner ring, and a 
second end sliding surface in sliding line contact 
with the riser sliding surface of the ceramic outer 
ring. 
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